Cílem článku je vyhodnotit vývoj technické efektivnosti českých, polských a slovenských zpracovatelů mléka v období 2008 -2013 se záměrem identifikovat potenciální zdroje nízké konkurenceschopnosti českých a slovenských zpracovatelů mléka. Analýza byla založena na individuálních datech 130 zpracovatelů mléka (NACE 10.51). Soubor zahrnuje střední a velké zpracovatele. Deflovaná data o tržbách, materiálových nákladech, osobních nákladech a odpisech byla použita jako výstupy, resp. vstupy pro výpočet technické efektivnosti a technického pokroku. K výpočtu technické efektivnosti byla zvolena metoda DEA, Malmquistův index byl použit k odhadu změny v čase. Hypotézy byly testovány pomocí dvouvýběrového t-testu, analýzy rozptylu a Scheffeho testu. Výsledky ukazují, že čeští a slovenští zpracovatelé dosáhli nižšího tempa technického pokroku než polští zpracovatelé. Investiční aktivita významně neovlivnila změnu v efektivnosti. Doporučením je, aby čeští a slovenští zpracovatelé mléka efektivně využívali investiční dotace z Programu rozvoje venkova v letech 2014 -2020 ke zvýšení technické efektivnosti, protože polští zpracovatelé mléka v období 2007 -2013 české a slovenské zpracovatele v technické efektivnosti předčili.
Introduction
Milk and milk products are the essentials of human nutrition. The Central Europe is a region with long tradition of production and consumption of milk and milk products. There is quite strong competition between production capacities in the Central Europe. Competitiveness of companies influences the competitiveness on national economy. Economy is competitive when producing goods and services which can withstand the test of international competition, i. e. generate a relatively high income and relatively high level of employment under the conditions Čechura and Malá (2014) analyzed the differences in the technology and the technical efficiency of Czech and Slovak processing companies in the period [2003] [2004] [2005] [2006] [2007] [2008] [2009] [2010] [2011] [2012] . They compared oils, dairy, milling and other sectors (not specifically the meat processing industry). They found significant differences in technology between the Czech and Slovak dairy industries. This especially concerns the productivity parameter, technological change and the cost share of materials. All the estimated country-specific effects are negative for Slovak dairy companies. An analysis of the development of technical efficiency indicates that the best Czech firms in the dairy sector have a strong market position, and companies with low efficiency have lost their position in the market for dairy products. In the Slovak Republic, an increase in the competitiveness of dairy companies is evident. Moreover, Slovak milk processors have the highest variability in technical efficiency.
So, it is very topical to evaluate a technical efficiency and efficiency improvement in the milk processing industry. The problem of negative foreign trade balance between the Czech Republic and Poland is a good reason to make the analysis. The aim of the paper is to evaluate the technical efficiency improvement of the Czech, Slovak and Polish corporate milk processors in the period 2008 -2013. The analysis covers medium-sized and large companies only since they have a potential for foreign trade rather than small processors. The article also deals with the differences in financial indicators between companies with high and low efficiency improvement and among Czech, Slovak and Polish companies.
Methodology
As Špička and Machek (2015) introduced, efficiency measurement is often carried out from two perspectives: total factor productivity (TFP) which takes into account all possible inputs and outputs of an industry (firm, process), multifactor productivity (MFP) which deals with the relationship between output and multiple input factors, and partial factor productivity (PFP) which deals with the productivities of individual inputs. The article deals with multifactor productivity (MFP) which deals with the relationship between output and multiple input factors. MFP and Malmquist index to quantify change in a company's efficiency over a period of time.
A producer can be defined as an economic agent transforming a set of inputs x = (x 1 ,x 2 ,…,x n ) into a set of outputs y = (y 1 ,y 2 ,…,y m ). Generally, we consider the components of these vectors to be strictly positive. In order to define the Malmquist index of productivity (Caves et al., 1982) , consider a period during which the production has changed from (x t ,y t ) to (x t+1 ,y t+1 ). Let's suppose the outputmaximizing approach which means the lesser the distance from a production frontier, the better the efficiency score. The Malmquist index of productivity for period t, respectively for period t + 1, would be the ratios. where D t denotes the value of the distance function in period t. If the technology has changed during the period, these two indexes would result in different values. Therefore, it is common to employ the geometric mean of the two indexes and specify the Malmquist index of productivity as
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The index can be further decomposed in the product of two terms (Färe et al., 1992 ):
The first term ΔTE reflects the impact of changes in technical efficiency which means that ΔTE > 1 as technical efficiency improves and ΔTE < 1 as technical efficiency deteriorates. The second term ΔT captures the changes in technology (technical change) which can be expressed by the ability of a firm to produce more (or less) with a given level of inputs in t related to the levels feasible in t + 1. ΔT is the geometric mean of two term, when the first term compares the two periods in terms of period t data, and the second term the two periods in terms of period t + 1 data. ΔT > 1 as technical progress occurred between periods, while ΔT < 0 as technical regress occurred between the two periods.
The input-oriented Data Envelopment Analysis model assumes the variable returns to scale (DEAVRS method 1 ). The issue of the returns to scale concerns what happens to units' outputs when they change the amount of inputs that they are using to produce their outputs. Under the assumption of the variable returns to scale a unit found to be inefficient has its efficiency measured relative to other units in the data-set of a similar scale size only.
Three inputs and one output per company were used for efficiency calculation. (Caves et al., 1982 ). The method is described at the beginning of this chapter. The DEA method and Malmquist index was applied through Banxia Frontier Analyst 4.
Economic indicators of the individual
companies in the sample. The following economic ratios and indicators were calculated.
A. Investment Activity (%) = (Fixed assets t -Fixed assets t-1 + Depreciation t )/Fixed assets t-1 * 100 B. Profitability ratios -ROCE using P/L before tax (%) = (Profit before tax + Interest paid)/ (Shareholders funds + Non-current liabilities) * 100 -ROA using P/ L before tax (%) = (Profit before tax /Total assets) * 100
[178] 
5.
Comparison of multiple differences in the sample (a country view). The statistical analysis is processed automatically by software NCSS 10. The one-way analysis of variance compares the means of two or more groups to determine if at least one group mean is different from the others. It is important to notice that the assumption of simple random samples is not complied since the sample contains only companies with complete financial statements in the period 2008 -2013 . However, if we analyze medium and large corporate milk processors only, we can assume the sample as representative and random. To verify the rejection or acceptation of the null hypothesis, the F-test is used. Decisions are made by comparing the maximum first type error (the p-value), based on our data, and errors of the first type of alpha, which we have set before testing. Following hypotheses were tested: H0: All group data distributions are the same; HA: At least one group has observations that tend to be greater than those of the other groups.
Multiple Comparison Procedure. Given that
the analysis of variance test finds a significant difference among treatment means, the next task is to determine which treatments are different. We chose Scheffe's test. It can be used to examine all possible comparisons among k means or just to look at all pairs as done here. It controls the overall or experimentwise error rate.
Data
The analysis used data from the Amadeus database that provides comparable financial information for public and private companies across Europe. 
Results and discussion
The results describe differences between two equal-size groups according to the value of the mean Malmquist index (2x27 companies). The difference in the Malmquist index was tested both between two equal-size groups (A, B) and between Czech and Polish companies. Moreover, development of the technical efficiency over time is described in the Czech Republic, Poland and Slovakia through the analysis of variance. A description of Malmquist index and investment activity (tables 3, 4) is followed by the comparison of technical efficiency development ( Fig. 1 and 2) . Afterwards, the development of partial productivity is discussed. [180]
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Source: author's calculation Tables 5a, 5b and 5c disaggregate the technical efficiency into the partial efficiency of thee inputs -materials (material and energy), staff costs and capital consumption (depreciation).
There are significant differences of sales to materials ratio between group A and B (at α = 0.1)
Source: author's calculation [181]
Source: author's calculation Source: author's calculation Table 5b . Statistics of the partial productivity -labour productivity.
[182]
and between Czech and Polish companies. The Czech companies have significantly higher productivity of material and energy than Polish milk processors. The companies in the group A had lower material productivity than the group B. However, the group A had higher labour productivity and higher capital productivity but not significantly. It could indicate some substitution between material and labour (human and machine). Slovak companies had significantly lower capital productivity than Czech and Polish milk processors. The main reason of dynamic technical improvement of Polish companies was growing capital productivity, especially in 2012 and 2013.
Next tables show differences in financial ratios between the two groups and three countries. The section starts with three profitability indicators -ROCE, ROA and Profit Margin.
ROCE is the important indicator because it expresses how much profit before taxes and interests the company generate from one unit of long-term capital of shareholders and creditors. The results of technical efficiency and profitability confirm that productivity (efficiency) and financial performance do not necessarily move in the same direction (Machek, 2014) since there is a different methodology of financial ratios and construction of productivity indices.
The ROA can be divided into profit margin and turnover ratios. Profit margin does not differ between the group A and B. Moreover, there are no significant differences between countries at α = 0.05.
Statistics of turnover ratios -net assets turnover and stock turnover -are described in the table 7. Stock turnover is very important indicator of business activity in the field of material and product utilization in the manufacturing industry.
There are no significant differences in turnover ratios between group A and B. The Czech companies had the highest net assets turnover but not significantly at α= 0.05. Stock turnover is higher in the group A. Slovak milk processors had the highest stock turnover. Despite no significant differences in turnover ratios, there are some indications of profitability determinants between countries. The Czech Republic had the highest profitability (ROA, ROCE). It was caused by higher profit margin. It means that Czech milk processors get more profit from one EUR of selling price than companies in Poland and Slovakia. Alternatively, the lowest profitability had Slovak milk processors which were in loss in the period 2008 -2013. They prefer quick stock turnover at the expense of profit margin. This is a specific strategy which could lead to problems with competitiveness. It seems that Polish milk processors had balanced marketing strategy.
Next tables present differences in quality of financial management through indicators of debt management and solvency. Table 8 informs about credit period and collection period.
The credit period is the time frame between when a producer purchases inputs and when the producer's payment is due. The companies in the group B had significantly longer credit period than companies in the group A. In other words, group A had better payment morale than group B. When comparing countries, the credit period in Poland was shorter than in the Czech Republic and significantly lower than in Slovakia. It seems that Polish milk processor had different debt strategy from the Czech and Slovak companies.
Source: author's calculation [184]
Source: author's calculation It should be explained by cooperative character of Polish milk processing companies which are more closely related to farmers -milk producers.
The collection period measures the time between when a producer sells outputs and when producer receive the payment from its customers. The companies in the group A have significantly shorter collection period than the group B. It means that they manage their receivables better. There are no significant differences in the collection period between countries but Polish companies had the collection period shorter than 40 days. So, Polish milk processors had better debt management than Czech and Slovak companies. Table 9 evaluates the financial management through indicators of solvency and liquidity. It clearly shows that there weren't any significant differences in liquidity and solvency. So, the financial management seems to be similar in both groups and countries. The capital structure is described in table 10.
The share of current liabilities to total assets did not significantly differ between the groups and countries. It means that management used similar share of current liabilities as the source of funding. The current liabilities include short-term loans and short-term trade liabilities.
The share of loans to total assets was significantly lower in group A but it did not significantly differ between countries. Thus, the companies with dynamic efficiency improvement (A) used less external finance resources. Such strategy is very beneficial in times of crisis when many companies could have problems with settlement of debt service costs.
Finally, the analysis distinguishes between national and foreign ownership of milk processors. There should be a hypothesis that technical efficiency, technical improvement and profitability are higher in the companies owned by strong foreign capital than in the family-owned firms or companies with national equity. The main argument for the hypothesis is that the parent foreign company put more emphasize on optimization of production process and financial management of the subsidiary company. Moreover, the parent foreign company should manage investments in subsidiary company more efficiently. The table 11 shows results of Welch's modification of t-test with unequal variances.
The comparison reveals the significant differences between technical efficiency between the two groups. Companies with majority of foreign capital had significantly higher technical efficiency than Source: author's calculation 
[185]
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Source: author's calculation 
Conclusion
The aim of the article was to evaluate the efficiency improvement of the Czech, Polish and Slovak milk processors through DEA and Malmquist index. The statistical comparison indicates different strategy of financial management and marketing. The Czech milk processors had high profitability and profit margin and quite low stock turnover. Alternatively, Slovak milk processors had very low profit margin (loss) and quick stock turnover. Polish milk processors had balanced profit margin and stock turnover. However, differences in stock turnover between countries were not statistically significant.
Indicators of debt management proved significant differences in collection period and credit period between the group A and B. The group A had better payment morale than group B and was able to get receivables quicker. Polish milk processor had different debt strategy from the Czech and Slovak companies. It should be explained by cooperative character of Polish milk processing companies which are more closely related to farmers -owners of milk processing capacities.
The group A used significantly less loans to finance total assets than the group B. It means that higher technical improvement was achieved by less use of bank loans. It is interesting conclusion that is partially influenced by the crisis period in 2008 -2013 as the companies with lower debt were more viable than indebted ones.
An important finding is that companies with majority of foreign capital had higher technical efficiency than companies owned by national investor. However, there were no differences in technical progress. So, government should consider more the criterion of ownership independence in order to support national family and non-family companies which are not financed by foreign capital.
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